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ABSTRACT
Water penetration from beneath of built structures on permeable soils causes uplift
force along the contact of structure with foundation. This uplift force reduces hydraulic
structure stability. Typically, these instabilities occur due to under-pressure
development (uplift force), gradual inner degradation of foundation material (piping) or
sand boil phenomenon. Thus, it seems necessary to calculate the pressure applied to the
contact surface of the dam. One method for preventing piping phenomenon, reduction
in exit gradient as well as decrease of uplift force beneath diversion dams includes
implementation of weep hole. This study aims to study the effect of radius, depth and
location of pipe drains under stilling basin upon how much uplift force decreases. The
benefit of this study in agricultural field for soil and water engineers is to have a safe
design of lined canals, weirs or diversion dams. To do this, numerical simulation of
Tabriz diversion dam with Geo-Studio software was carried out. Results showed that
application of drain pipe under the structure reduced uplift force respect to without
drain under the structure. Increasing of drain radius; caused reduction of uplift pressure
more but increased of seepage flow slightly. Installation of drain in upper part of stilling
basin had a tendency to decrease uplift pressure more. Existence of drain near the
stilling basin bottom caused in more reducing of uplift pressure than of installation of it
in deeper depth.

INTRODUCTION1

C

anals are the most important and major
elements of an irrigation systems in
agricultural projects. The economy of many
countries depends on the extent of agricultural
lands. For entrance of river water to irrigation
canals with gravity method, construction of
diversion dams is a common method. Diversion
dams raise water surface in the river and thus water
can flow into the irrigation canals. In design of
diversion dams, consideration of uplift pressure is
important due to its instability effect (Mansuri et al.
2014).
Among the various failures of earth dams,
failure resulting from a quick condition, and piping
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in foundation soils due to high seepage pressures is
highly dangerous. If piping is not halted, it may
result in a catastrophic collapse of the structure.
Seepage through the earth dams and its foundation
is controlled by two approaches, which are
generally used in combination. The first approach
involves reduction of the quantity of seepage,
which may be achieved by providing anti seepage
elements of passive protection, e.g., sheet pile
(steel, wooden), cutoff wall, slurry trench, clay
sealing, upstream impervious blanket, grout
curtain, concrete wall, diaphragm wall, etc. The
second approach involves providing a safe outlet
for seepage water, which still enters the earth dams
or the foundation. This may be achieved by
providing anti seepage elements of active
protection such as filters, drains, sand drains, stone
columns, ditches, and relief wells (Peter 1982).
About 30% of dams had failed due to the
seepage failure, viz., piping and sloughing
(Middlebrooks 1953). Recent comprehensive
reviews by Foster et al. (2000a, b) and Fell et al.
(2003) show that internal erosion and piping are the
main causes of failure and accidents affecting
embankment dams; and the proportion of their
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failures by piping increased from 43% before 1950
to 54% after 1950. The sloughing of the
downstream face of a homogeneous earth dam
occurs under the steady-state seepage condition due
to the softening and weakening of the soil mass
when the top flow line or phreatic line intersects it.
Regardless of flatness of the downstream slope and
impermeability of soil, the phreatic line intersects
the downstream face to a height of roughly onethird the depth of water (Justin et al. 1944). It is
usual practice to use a modified homogeneous
section in which an internal drainage system in the
form of a horizontal blanket drain, a rock toe or a
combination of the two is provided. The drainage
system keeps the phreatic line well within the body
of the dam (Chahar 2004).
Horizontal filtered drainage blankets are
widely used for dams of moderate height. Lion
Lake dike (6.5 m high), Pishkun dikes (13 m high),
Stubblefield dam (14.5 m high), Dickinson dam (15
m high), etc. are examples of small homogeneous
dams built by USBR (2003). Also, USBR
constructed the 50 m high Vega dam, which is one
of the highest with a homogenous section and a
horizontal downstream drain. Design criteria of
filtered drainage can be found in many references
(Vaughan and Soares 1982; Sherard et al. 1984 a,b;
Sherard and Dunnigan 1985; Honjo and Veneziano
1989; Sharma 1991).
Concrete cut off walls are one of main
methods of seepage control and are divided to the
following categories according to the material type
used in construction:
• Slurry trench cut off wall
• Bentonite-cement cut off wall
• Concrete cut off wall
• Plastic concrete cut off wall
The plastic concrete is an appropriate kind of
material due to its high deformability (ICOLD,
1985). The cut off wall construction causes an
increase in hydraulic head at the upstream and a
reduction in downstream part of foundation. As a
result, the maximum gradient happens in
connection zone of the cut off wall and core
(Shahbazian Ahari et al. 2000). The maximum
gradient should be less than an allowable limit.
In Zoorasna et al. (2008) study, seepage and
stress-strain analysis used to investigate the
mechanical performance of cut off wall-core
connecting systems in earth dams. Karkheh storage
dam in Iran was used as the case study and six
different connecting systems were modeled. Total
flow, maximum hydraulic gradient, shear stress,
shear strains and percent of plastic points were
determined in connection zone.
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Explicit equations have been obtained in the
Chahar (2004) work for calculating the downstream
slope cover and the length of the downstream
horizontal drain in homogeneous isotropic and
anisotropic earth dams. Similar equations have also
been obtained for maximum downstream slope
cover and minimum and maximum effective length
of the filtered drainage. These equations are
nonlinear and representative graphs have been
plotted for them covering all the practical ranges of
the dam geometry.
Mansuri et al. (2014) studied effect of location
and angle of cutoff wall on uplift pressure in
diversion dams. Results showed that effect of
inclination of cutoff wall in upstream of the dam;
respect to vertical position, in reducing of uplift
pressure is very high.
In the present study, different pipe drains are
proposed under the stilling basin of a Tabriz
diversion dam for determination of uplift pressure
and hydraulic gradient. Numerical simulation
carried out using Seep/w software. Generated
models differ by diameter, location and depth of
pipe drains under the stilling basin of diversion
dam.

MATERIALS AND METHODS
Governing equations
Seepage discharge follows Darcy’s law (Eq.
1):

Q   kA (  h /  l )

(1)

Where Q is seepage discharge (cubic meters per
second), k is hydraulic conductivity coefficient
(m/s), A is the cross sectional area (m2) and
h /  l is the flow hydraulic gradient. Poisson’s
equation is an equation of water flow in porous
media which is the generalized form of Laplace
well-known equation (Eq. 2):
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2h
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q
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x 2
y 2

(2)

Where kx and ky are the coefficients of hydraulic
conductivity in the x and y directions, respectively
(m s-1), h is the total head (m) and q is the discharge
flow rate input/output to the soil (cubic meter per
second per unit area, m s-1).
Total head is defined by: ℎ = + ⁄ ,
where Z (m) is elevation above the datum and ⁄
is pore water pressure, which is normally referred
to as uplift pressure force (m) at that point. Pore
water pressure on phreatic lines is zero ( / = 0)
and hence the total head is defined by Z-values
alone. Below the phreatic line, pore water pressure
will be positive. For water flowing through the soil,
its pore pressure acts upward against dam
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Figure1. Weir and stilling basin of Tabriz diversion dam

Figure 2. Perforated drain pipe beneath the stilling
basin of Tabriz diversion dam

foundations (or canal beds, etc.). This pore pressure
is known as uplift pressure, which exerts forces
upward against structure bases.
Solution of Poisson’s equation is a complex
mathematical problem. Numerical methods help for
solving differential equations and their conversion
into a set of algebraic equations. Seep/w is software
for solving Poisson’s equation by the finite element
method.
Location of case study
The proposed diversion dam is located in AjiChai river in north of the Tabriz city in IRAN.
Horizontal length of diversion dam weir is 22m (in
river flow direction), length of stilling basin is 23m
and horizontal length of end sill is 2.5m. Figs. 1
and 2 show Tabriz diversion dam under
construction. They show dam weir, dam stilling
basin, protective gravels (rip-rap) and perforated
pipes on river bed. In this study, by numerical
modeling of collector drain located in the floor of
stilling basin and with varying of its location,
diameter and depth, the effect on decreasing of
uplift pressure is tested. For presenting of uplift
pressure diagrams, pressure is calculated for 47.5m
length (all length of structure) in the floor of
stilling basin.
Numerical modeling
Finite element numerical methods are based
on the concept of subdividing a continuum into
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small pieces, describing the behavior or actions of
the individual pieces and then reconnecting all the
pieces to represent the behavior of the continuum
as a whole. This process of subdividing the
continuum into smaller pieces is known as
discretization or meshing. The pieces are known as
finite elements (Seep/w 2007). In Geo-Studio
2007/Seep/w, the geometry of a model is defined in
its entirety prior to consideration of the
discretization or meshing. Furthermore, automatic
mesh generation algorithms have now advanced
sufficiently to enable a well behaved, numerically
robust default discretization often with no
additional effort required by the user. Of course, it
is still wise to view the default generated mesh but
any required changes can easily be made by
changing a single global element size parameter, by
changing the number of mesh divisions along a
geometry line object, or by setting a required mesh
element edge size.
The present seepage problem is solved using
the method of finite elements by Seep/w (2007)
applying 5 different values for drain pipe radius:
0.1, 0.2, 0.3, 0.4 and 0.5 m. For comparison of
drain pipe effect on uplift pressure, one of the
numerical models was simulated without
underground drain. Mesh generation in numerical
simulation was selected with rectangular shape for
higher accuracy. Dimension of rectangular was
0.5m and the total number of elements and grids
were 55090 and 557370 respectively. Selected
boundary conditions for numerical modeling were
selected as the following:
Upstream water head and downstream water
head were 4.5m and 0.0 respectively. These values
were selected based on is maximum difference
between upstream and downstream water head to
obtain critical condition for hydraulic gradient and
uplift pressure. Boundary condition for dam
foundation was impervious (or no flow) type. In
order to applying boundary condition in installed
drain in foundation, water head in the location of
drains was equal to foundation`s height (46.6m)
that represents zero pressure in drain, because
elevation 46.6m reflects atmospheric condition.
Table 1. Hydraulic conductivity for the foundation soil
layers
Saturated hydraulic conductivity
Foundation layer
(cm s-1)
1.45*10-3
Sand
2.57*10-3
Clay
1.83*10-4
Silt and Clay
6.57*10-5
Sand and Silt
7.57*10-4
Sand
3.51*10-3
Sand
2.91*10-5
Silt and Clay
1.75*10-4
Sand and Silt
2.99*10-4
Sand
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Figure 3. Mesh generation and location of soil layers in
foundation of dam (base model, i.e., without drain pipe in
the bottom of stilling basin)

Figure 4. Longitude section of stilling basin of diversion
dam with drain of 0.3m in diameter and 1m beneath the
stilling basin

Figure 5. Longitude section of stilling basin of diversion
dam with two row of drains of 0.5m in diameter and with
1m and 2.5m depth beneath the stilling basin of 0.3m in
diameter and 1m beneath the stilling basin

Figure 6. Longitude section of stilling basin of diversion
dam with two row of drains of 0.5m in diameter and 1m and
4m depth beneath the stilling basin

Downstream and upstream corners of structure had
no-flow boundary condition. Thickness of various
soil layers in foundation and each layer hydraulic
conductivity was obtained from results of bore
hole/drilling tests. In Fig. 3, location of the
foundation`s layers and in Table 1 layer`s hydraulic
conductivity is presented.

drain collector) from the upstream side of dam. In
Fig. 7, results from numerical modeling for seepage
are presented.

In this research, in addition to numerical
modeling of the base model (Fig. 3), collector
drains are assumed in beneath of stilling basin with
0.1, 0.2, 0.3, 0.4 and 0.5m radius that each of
models are in 5 horizontal locations by 5m distance
between them and 3 vertical positions with 1.5m
distance between them. Figs. 4-6 show longitude
cross section from the stilling basin of simulated
diversion dam with various diameters and depth of
drain pipes under the stilling basin.

RESULTS AND DISCUSSION
To study the effect of drain collector diameter
on variation of seepage discharge and uplift
pressure, drain is assumed in 1m beneath the
stilling basin by 0.1, 0.2, 0.3, 0.4 and 0.5m radius.
Seepage discharge analyzes study is for sections
that they are in 145.8m (at downstream side of
drain collector) and 171m (at upstream side of
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Fig. 7 shows that, whatever location of drain is
in upstream side of stilling basin, more seepage
discharge incomes to drain. So inlet seepage to
drain, for 0.5m diameter (maximum inlet seepage
to drain is for 0.5m radius) in various distances
150, 155, 160, 165 and 170m from upstream of
diversion dam in comparison of no drain state, is
equal to 137.95%, 120.7%, 103.84%, 89.97% and
76.7% respectively. Also by increasing in drain
diameter, inlet seepage to drains will increase. Inlet
seepage to drains with 0.4 and 0.5m diameter is
equal and seems that for Tabriz diversion dam
increasing diameter more than 0.3m will not
economic. Fig. 8 shows diversion dam stilling
basin in the base model, i.e., without drainage
system under the dam foundation. Figure 9
illustrates dam stilling basin with drain collectors
with 0.5m in diameter and with 20m distances from
each other and with 1m depth beneath from the
stilling basin floor. In Figs. 8 and 9, the
equipotential curves in foundation of dam, flow
vectors and seepage rate from dam foundation are
presented. Equipotential curves in Figs. 8 and 9
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Figure 7. Seepage from dam pervious foundation in various
diameters of drain and various locations with 1m depth

Figure 8. Simulation of flow under stilling basin of
diversion dam in no drain state (base model)

Figure 9. Simulation of flow under stilling basin of diversion
dam by drain collector with 0.5m diameter and 20m
distances from each other and 1m depth under the stilling
basin

Figure 10. Effect of various diameters of drain pipe at
25m distances and 1m depth on uplift pressure

Figure 11. Effect of various diameters of drain pipe with by
1m in depth on total uplift pressure

Figure 12. Seepage from dam foundation with various
diameter of drains pipe with 2m beneath the floor of
stilling basin

demonstrate that a reduction in uplift pressure in
the case of with drainage system occurs in
comparison with no drain installation. This matter
ensure more stable for stilling basin against
overturning safety factor.
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Uplift pressure distribution for various
radiuses of drain collectors with 25m distances
from each other is presented in Fig. 10. According
to Fig. 10, by increasing in drain`s diameter, uplift
pressure reduces and this reduction is more
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attractive in comparison with no drain case (r=0).
Fig. 11 shows the effect of various diameters of
drain pipe with by 1m in depth on total uplift
pressure. Also intensity factor in vertical axis is
defined by the value of total uplift pressure divided
to uplift pressure in the base model. According to
Fig. 11, installation of drain pipes beneath the
stilling basin make in reduction of total uplift
pressure. Reduction in total uplift pressure for
collector drain by 0.1m in radius in various
locations, 150, 155, 160, 165, 170m from upstream
side of diversion dam in comparison with no drain
state (base model) is equal to 95.47%, 95.77%,
96.43%, 97.28% and 98.29%. By decreasing drain
diameter, total uplift pressure will increase. Figs.
12 and 13 illustrate the effect of drain depth on
variation of seepage and uplift pressure. Drain
pipes are located in 2 and 4m beneath from stilling
basin in Figs. 12 and 13 respectively. According to
Figs. 12 and 13, seepage to drain that placed in
2.5m depth (maximum seepage to wells is for 0.5m
radius), in various stations 150, 155, 160, 165 and
170m from upstream side of diversion dam in

Figure 13. Seepage from dam foundation with various
diameter of drains pipe with 4m beneath the floor of
stilling basin
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comparison with no drain state is equal with
142.16%, 124.02%, 106.22%, 91.24% and 79.44%.
Value of seepage to wells for drain that placed in
4m depth and by 0.5m radius in various states 150,
155, 160, 165 and 170m distances from upstream
side of dam in comparison with no drain state is
142.05%, 124.26%, 108.06%, 93.47%, 78.55%.
According to Figs. 14 and 15, equipotential
curves in any two state of diversion dam have
decreasing trend but uplift pressure in drain with
0.3m radius (4m beneath of structure) is less than
that with drain with 0.1m radius (2.5m beneath of
structure). For better understanding about the effect
of various diameters, depth and location of
collector drain, Figs. 16 and 17 are presented. First
state is for drain collector 1m beneath the stilling
basin and second state is for drain 2.5 beneath than
the floor of stilling basin and third state is for 4m
depth of drain.
Based on Fig. 16, whatever drains located in
more depth, more seepage discharge enters to

Figure 14. Longitudinal cross section of diversion
dam by 0.1m diameter of drain by 20m distances
from first drain and by 2.5m depth

Figure 15. Longitudinal cross section of diversion dam by 0.3m diameter of drain by 20m distances from first drain and by
4m depth
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Figure 16. Discharge to drain by 0.5m in diameter in
various locations and various depth
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Figure 17. Effect of various depth of drain on uplift
pressure

drain. Fig. 17 shows whatever drains placed in
more depth, uplift pressure will increase more, and
thus, best model for using drain pipe is placing the
drain just near the floor of structure.

suggestion of reduction of uplift pressure is the
combined horizontal and vertical drain under the
stilling basin.

CONCLUSION
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